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EXECUTIVE SUMMARY

The State of California is in the process of reviewing and formulating various
design and inspection criteria for waterfront facilities. The Naval Facilities
Engineering Command (NFESC) was invited to provide input, due to the U.S.
Navy’s experience and expertise.

In this report various commercial criteria are compared to MIL-HDBL-1026/4
“Mooring Design” (draft of 1998) and recommendations are made. This manual
was designed for all classes of ships, including tankers. The State of California
may want to consider adopting or incorporating this manual into their criteria.

Mooring analyses tools, a U.S. Navy ships’ database, a climate database and a
facilities database are being designed to work with MIL-HDBK-1026/4. This will
allow the user to quickly and easily perform computations with a minimum of
input. The State of California may wish to participate in development of these
items.

NFESC TR-6009-OCN MOORING CRITERIA 1



Section
1.0
11
2.0
2.1
2.2
2.3
3.0
3.1
3.2
4.0
5.0
6.0

CONTENTS
Title
INTRODUCTION
PURPOSE
CRITERIA
U. S. NAVY CRITERIA
OCIMF CRITERIA
OTHER CRITERIA
COMPARISONS OF CRITERIA
GENERAL
COMPARISON OF FORCES
DESIGN WIND SPEEDS
SUMMARY AND RECOMMENDATIONS

REFERENCES AND BIBLIOGRAPHY

APPENDIX A - SECTIONS 3 AND 4 OF
MIL-HDBK-1026/4

NFESC TR-6009-OCN MOORING CRITERIA

10
19
23

24



MOORING DESIGN AND INSPECTION CRITERIA
By
William N. Seelig, P.E.
1.0 INTRODUCTION

It is vitally important that ships remain safely moored when in port. A single accident
can result in tens or hundreds of millions of dollars in cost, disastrous environmental
problems and a potentially huge loss of life. Proper mooring design, construction,
inspection and operation can fortunately minimize the possibility of accidents.
Fortunately, the cost of proper facilities is only a tiny fraction, for example, of the cost of
a single ship and great progress has been made in recent years in improving safety.
For example, computer methods and understanding of mooring technology have
improved design methods. At the same time many years of practical experience and
successful operation provide valuable insight.

In order to provide safe facilities, the California State Land Commission is in progress of
reviewing facility design and inspection criteria for waterfront facilities. The goal of this
review is to develop a comprehensive set of commercial standards.

The Naval Facilities Engineering Service Center (NFESC) was invited to participate in
this development, because of NFESC'’s expertise and the Navy’s extensive experience
with a wide variety of waterfront facilities.

1.1 PURPOSE

The purpose of this report is to document and make recommendations on mooring
design and inspection criteria. The Navy has recently completed a draft of “Mooring
Design” MIL-HDBK-1026/4 (Seelig ed. of 1998) that addresses many of the items of
interest. In this report the Navy standards are compared with various commercial
codes. Examples are shown that compare the codes and recommendations are made.
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2.0 CRITERIA

Criteria are provided for design and inspection of mooring facilities. The major
emphasis of the criteria are for ‘fixed’ mooring facilities (i.e. ships at piers and wharves).

2.1 U.S. NAVY CRITERIA

The U.S. Navy owns ships and mooring facilities throughout the world, included
facilities for tankers and similar ships. In the past, different criteria documents were
provided for ship mooring systems and facilities mooring systems. However, in 1997-
1998 all the criteria were updated and combined into MIL-HDBK-1026/4 “Mooring
Design” (Seelig, ed. 1998). This handbook is intended for all classes of ships, including
tankers. Appendix A includes Sections 3 and 4 of the handbook, which provides
mooring design and inspection criteria, as well as methods for calculating wind and
current forces/moments.

A key development provided in MIL-HDBK-1026/4 is the concept of Mooring Service
Type. The U.S. Navy provides four types of mooring service, as shown in Table 6
(page 2-5) of Appendix A. These types of mooring are ranked from lowest to highest
risk of a storm striking with a ship in the mooring. Design criteria are specified with
each Mooring Service Type to minimize the risk of an accident.

Mooring Service Types I&ll take care of cases with a ship moored one month or less,
which is primarily the case at fuel facilities. Design criteria for these types of service are
given in Table 7 (page 2-7) of Appendix A, which are shown in Table 2.1.

The wind criteria for design of this service type range from a 30-second wind speed of
33 knots to a wind with a return interval of R=25 years, up to 75 mph. MIL-HDBK-
1026/4 uses ASCE 7-97 to specify design wind speeds. However, ASCE 7-95 also
allows actual wind statistics to be used for site design, if adequate measured wind data
is available for a site.

Water level, current and wave design criteria are shown in Table 2.1.

Locations of U.S. Navy design criteria from Section 3 of MIL-HDBK-1026/4 are given in
Appendix A and locations of key information are given in Table 2.2.

If ships of similar size are moored alongside one another or nearby, then methods in
Appendix A of MIL-HDBK-1026/4 can be used to determine environmental forces and
moments on the ships.

NFESC TR-6009-OCN MOORING CRITERIA 4



Table 2.1 FACILITY DESIGN CRITERIA FOR MOORING SERVICE TYPES I&ll

MOORI NG SERVI CE WATER

TYPE WIND* CURRENT* * L EVEL WAVES
TYPE | Less than 34 knots | 2 knots |Tisq(l?$§;1 P=1 or
or |less , , R=1 yr

hi gher hi gh
TYPE |1 P=0.04 (nin.) P=0.04 | [ SXITET® | P=1 or
R=25 yr (mn.) R=25 yr to mean R=1 yr

Vy=64 knots (nex.) hi gher hi gh

*Use exposure D (Anerican Society of Cvil
M ni nrum Desi gn Loads for

Bui | di ngs and Ot her Structures;

Engi neers (ASCE) 7-95,
flat,

unobstructed area exposed to wind flow ng over open water for a

di stance of at
w nd speeds.

least 1 mle or
Note that mn. =
probability of exceedence used for design;

speed used for design.

**To define the design water depth,
for ships with non-flat hulls,
take the ship draft,

shi ps;
ot her
t he keel

proj ecti ons,

max.

1.61 km) for determ ning design
mnimmreturn interval or

= maxi num w nd

use T/d=0.9 for flat keel ed

t hat have sonar
T, as the nean depth of
and determ ne the water depth, d, by adding 0.61 neter

(2 feet) to the maxi mum navi gation draft of the ship.
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Table 2.2 KEY MOORING SERVICE TYPE | CRITERIA

CRITERIA SOURCE* PAGE*
Section 3
Definitions of Mooring Service Types Table 6 2-5
Design criteria Table 7 2-7
Minimum quasi-static factors of safety Table 9 2-10
Ship motion criteria Table 10 2-11tol4
Quasi-static approach Table 11 2-15
Conditions requiring special analyses Table 12 2-18
Design considerations - facilities Table 14 2-25
Mooring operational design considerations Table 18 2-42
Inspections guidelines Table 19 2-43 10 44
Design recommendations Table 20 2-46 to 47
Quasi-static forces and moments on ships Section 4 | 2-48
*See Appendix A
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2.2 OCIMF CRITERIA

Oil Companies International Marine Forum (OCIMF) has developed various criteria
specifically intended for tankers. These include:

Oil Companies International Marine Forum (OCIMF), Mooring Equipment Guidelines,
1™ Edition, 1992.

Oil Companies International Marine Forum (OCIMF), Recommendations for Equipment
Employed in the Mooring of Ships at Single Point Moorings, 3" Edition, 1993.

Oil Companies International Marine Forum (OCIMF), Prediction of Wind and Current
Loads on VLCCs, 2™ Edition, 1994.

Oil Companies International Marine Forum (OCIMF), Single Point Mooring Maintenance
and Operations Guide, 2" Edition, 1995.

Note that both the Navy and OCIMF have both recently changed their sign convention
and reference coordinate systems to conform to the standard right-hand-rule and both
use the same system. Both the Navy and OCIMF use the wind speed at 10 m as a
reference. The Navy specifies a wind gust with a duration of 30-seconds, while OCIMF
does not address wind gusts, but states “While vessels may respond to wind gusts of
limited duration, the analysis of this subject is beyond the scope of this report.”
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2.3 OTHER CRITERIA

Various other sources address specific criteria. Some of these references include:

American Petroleum Institute, “Recommended Practice for Planning, Designing, and
Constructing Tension Leg Platforms”, APl RP 2T, April 1, 1987.

American Petroleum Institute, “Analysis of Spread Mooring Systems for Floating Drilling
Units”, ANSI/API RP 2P-87, Approved July 12, 1993.

American Petroleum Institute, “Recommended Practice for Design, Analysis, and
Maintenance of Moorings for Floating Production Systems”, ANSI/API RP 2FP1-93,
Approved April 13, 1994.

American Petroleum Institute, “Recommended Practice for Design and Analysis of
Stationkeeping Systems for Floating Structures”, APl RP 2SK, 2" Ed., Mar. 1, 1997.

Permanent International Association of Navigation Congresses, “Report of the
International Commission for Improving the Design of Fender Systems”, Supplement to
Bulletin No. 45, 1984.

Permanent International Association of Navigation Congresses, “Criteria for Movements
of Moored Ships in Harbours; A Practical Guide”, Report of Working Group No. 24 of
the Permanent Technical Committee Il, Supplement to Bulletin No. 88, 1995.

These and similar references address various aspects of mooring. Some of the
references are oriented towards offshore facilities, while others address specific
aspects of a facility. In MIL-HDBK-1026/4, many references were reviewed and key
items of interest were then considered and incorporated into the handbook.
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3.0 COMPARISONS OF CRITERIA
3.1 GENERAL

MIL-HDBK-1026/4 (draft of 1998) was organized to be a comprehensive manual that
addresses mooring design and inspection. Extensive U.S. Navy experience, together
with a number of other references, were considered in preparing the manual. It was
found that many of the other references did not specifically address waterfront ‘fixed’
mooring facilities (i.e. piers and wharfs) as extensively as the Navy methods.
Therefore, portions of these other references were considered and then incorporated
into the Navy manual, if appropriate.

The approach in MIL-HDBK-1026/4 was to use quasi-static methods and indicate
conditions that may require further dynamic analysis. The handbook was designed to
include almost any class of vessels, including tankers. A discussion of specific items is
provided below.

Risk

A wind return interval of R=25 years was selected for Mooring Service Type Il as
providing reasonable risk. Facilities offering this type of service are often occupied.
However, these vessels should be ready to go and leave the facility if extreme weather
is predicted.

Factors of Safety

Factors of safety were selected so that mooring lines are the weak link, because lines
are most easily tested and replaced when necessary. Facilities have slightly higher
factors of safety, because they are designed to last longer and are more difficult to
inspect and replace. Also, a facility may have a visit by some ship larger than originally
envisioned when the facility was designed.
The design approach selects an extreme event. Calculations are performed assuming
guasi-static conditions. Factors of safety are then selected to provide low risk at
reasonable cost. They help account for typical factors, such as:

mild dynamics of the system

material wear

variability in use

uncertainty in calculations

unknown factors
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3.2 COMPARISONS OF FORCES

MIL-HDBK-1026/4 and OCIMF (1994) provide methods for estimating forces and
moments on ships. Some of the key items concerning these methods are:

MIL-HDBK-1026/4 method:

For any vessel.
Uses 30-second duration wind speed.

Broadside wind drag coefficient considers elevation of hull and superstructure to come
up with an effective drag coefficient.

Broadside current drag coefficient is a function of the hull shape and ratio of draft to
water depth.

Longitudinal current drag is computed for the form, friction and propeller.
General shape functions are provided for wind and current forces/moments.

OCIMF method:

For tankers only.

Wind gust duration not specified.

Separate broadside wind coefficients given for loaded and light vessels.
Longitudinal current coefficient given.

Shape functions are given graphically for selected parameters. These are sometimes
rather complex.

Selected comparison are shown to compare MIL-HDBK-1026/4 and OCIMF methods.
Tankers are of special interest to the California State Lands Commission, so a 200,000
DWT tanker with principle dimensions given in Table 3.1 is used to illustrate the
computed forces.
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Table 3.1 TYPICAL 200,000 DWT TANKER PARAMETES (after Wichers)

PARAMETER LOADED LIGHT (BALLASTED)

Length between perp. 310 m 310 m

Draft 189 m 7.56 m

Width 47.17 m 47.17 m

Disp. Volume 234,994 m? 88,956 m?
End-on Wind Area 1362.4 m* 1897.3 m*

Side Wind Area Hull 3461.4 m? 7095.9 m?

Side Wind Area Super. 922 m? 922 m?

Height of Hull 10.8 m 22.14 m
Height of Superstructure 32.2m 43.64
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Various force coefficients and forces are compared here to illustrate MIL-HDBK-1026/4
and OCIMF methods. In this report a drag coefficient is defined as a force divided by
(0.5*density*exposed area*velocity squared).

Figure 3.1 and 3.2 show that longitudinal wind drag coefficients for 0-degrees (OCIMF
Figure 2) and broadside wind drag coefficients for 90-degrees (OCIMF Figure 3) are
similar to those computed using MIL-HDBK-1026/4.

A direct comparison of longitudinal forces for a 3-knot current shows that OCIMF and
MIL-HDBK-1026 give similar results for a loaded tanker (Figure 3.3). The MIL-HDBK-
1026/4 method predicts that a significant portion of the drag is due to the skin friction
and propeller drag, so that a lightly loaded tanker has somewhat less current drag
forces. OCIMF gives an unexpectedly smaller value for a lightly loaded tanker.

A comparison of broadside current drag coefficients shows the MIL-HDBK-1026/4
prediction fit the OCIMF (Figure 10) data very well, as shown in Figure 3.4.

The MIL-HDBK-1026/4 recommended shapes of forces and moments as a function of
direction that are shown for wind in Figure 3.5 and for current in Figure 3.6. The
OCIMF shape factors are much more complex and vary as a function of a number of
parameters.
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4.0 DESIGN WIND SPEEDS

Environmental design criteria includes winds, tides, current and waves (if necessary).
Water depths must also be known. Tides and currents can often be determined from
NOAA records and the U.S. Army Corps of Engineers commonly has dredging records.
Winds are then of special interest. Mooring Service Type | specifies a 30-second
duration wind speed with a return interval of R=25 years (probability of P=0.04) with a
minimum wind speed of 33 knots.

ASCE 7-95 gives a 3-second R=50 year design wind speed of 85 mph for all of
California. This can be converted to a 30-second R=25 year design wind speed with
Exposure D (wind flowing over open water for a distance of at least 1 mile or 1.61 km)
to:

85 mph *0.87 * 1.086 * 0.93 = 74.68 mph

More localized values of R=25 year 30-second duration wind speed values can be
determined from taking R=50 fastest mile wind speeds from NUREG/CR-4801 and
converting them using methods in ASCE 7-95 for R=25 years, 30-second duration and
Exposure D. Table 4-1 gives these design wind speeds. Figures 4-1 and 4-2 show
these design wind speeds in graphical form.
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Table 4-1. R=25 YEAR 30-SECOND EXPOSURE D WIND SPEEDS

Location (mph)
Alameda 61.6
Bakersfield 59.6
Bishop 70.4
Blue Canyon 91.3
Chula Vista/Brown 42.0
Coronodo/North Island 58.6
Edwards 64.5
El Centro 75.2
El Toro 75.2
Fairfield/Travis 65.5
Fresno 50.5
Imperial Beach/Ream 58.6
Inyokern/China Lake 67.5
Lemoore 53.6
Long Beach 65.5
Los Alamitos 51.6
Los Angeles Airport 53.6
Los Angeles City 43.1
Marysville/Bewale 64.5
Merced/Castle 54.6
Monterey 64.5
Mt. Tamalpias 138.8
Mt. Tamalpias 135.1
Oakland 62.6
Oxnard 55.6
Point Mugu 67.5
Point Reyes 112.8
Riverside/March 51.6
Sacramento 69.4
Scramento/Mather 64.5
Scramento/McClellan 72.3
San Bernadrino/Norton 68.4
San Clemente Island 54.6
San Diego 64.5
San Diego/Miramar 51.6
San Francisco City 54.6
San Francisco Airport 72.3
San Jose 52.6
San Nicholas Island 56.6
San Rafael/Hamilton 68.4
Sandberg 98.8
Santa Ana 65.5
Stockton 68.4
Sunnyvale/Moffett 53.6
Vandenberg 55.6
Victorville/George 68.4
Yuma, Arizona 63.6
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5.0 SUMMARY AND RECOMMENDATIONS

The U.S. Navy is extremely interested in safely mooring ships. Therefore MIL-HDBK-
1026/4 (draft of 1998) was recently funded. It is designed to be a comprehensive guide
for design and inspection of mooring facilities. Many references were consulted in
developing this manual. This manual was designed for all classes of ships, including
tankers. The State of California may want to consider adopting or incorporating this
manual into their criteria.

Mooring analyses tools, a U.S. Navy ships’ database, a climate database and a
facilities database are being designed to work with MIL-HDBK-1026/4. This will allow
the user to quickly and easily perform computations. The State of California may wish
to participate in development of these items.

Point of contact at this Command is:
Mr. Bill Seelig, P.E.
202-433-2396 fax -5089

seeligwn@nfesc.navy.mil
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APPENDI X B. SECTIONS 3 AND 4 FROM M L- HDBK- 1026/ 4

These chapters from the draft military handbook describe design criteria and wind and
current forces/moments.
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Section 3: BASIC DESIGN PROCEDURE

3.1 Desi gn Approach

Begin the design with specified
parameters and use engi neering principles to conplete the design.

Types of paraneters associated with nooring projects are

sunmari zed in Table 3.

The basi c approach to perform ng nooring

design with the ship known is given in Table 4.

Tabl e 3
Paranmeters in a Moring Project

PARAVETER

EXAMPLES

1. QOperational Paraneters

Requi red ship position,
amount of notion all owed

2. Ship Configuration

Basi ¢ ship paraneters, such
as length, width, draft,

di spl acenent, w nd areas,
nmooring fitting |ocations,
wi nd/ current force, and
nonment coefficients

3. Facility Configuration

Facility | ocation, water
dept h, di nensi ons,
| ocati ons/type/ capacity of

nooring fittings/fenders,

facility condition, facility
overal | capacity

4. Environnental Paraneters |YWnd speed, current speed and
direction, water |evels, wave

conditions and possibility of
i ce

5. Mooring Configuration

Nunber/si ze/ typel/ | ocati on of
tensi on nmenbers, fenders,
canels, etc

6. Material Properties

Stretch/strain
characteristics of the
nooring tension and
conpr essi on nenbers

MIL-HDBK-1026/4
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Tabl e 4

Basic Mooring Design Approach with Known Facility for
a Specific Site and a Specific Ship

STEP

Def i ne cust omer (s)
requirements

NOTES

Define the ship(s) to be noored,
of service required, the nmaxi num
al | onabl e ship notions, and situations
under which the ship will [|eave.

the type

Det er mi ne pl anni ng
requirenments

Define the inpact/interaction with other
facilities and operations, evaluate

expl osive arcs, determne permt

requi rements, establish how the nporing
is to be used, review the budget and
schedul e.

Define site and
envi ronnent a
par aneters

Det erm ne the water depth(s), engineering

soi| paraneters, design wi nds, design
currents, design waves, design water
| evel s, and eval uate access.

Shi p
characteristics

Fi nd the engineering characteristics of
the ship(s) including sail areas, drafts,
di spl acenents, ship nooring fittings,

al | onabl e hull pressures, and ot her
par aneters
Ship forces/nmonents | Determine the forces, nonents, and ot her

key behavi ors of the ship(s).

Eval uat e noori ng
alternatives

Evaluate the alternatives in terns of
safety, risk, cost, constructability,
availability of hardware, inpact on the
site, watch circle, conpatibility,

mai nt enance, inspectability, and other

i mportant aspects.

Desi gn Cal cul ati ons

Perform static and/ or dynam c anal yses
(if required) for nooring performance,
anchor design, fender design, etc

MIL-HDBK-1026/4
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Tabl e 4

Basi ¢ Mooring Design Approach with Known Facility for
a Specific Site and a Specific Ship (Continued)

STEP

Pl ans/ Specs

NOTE

Prepare pl ans, and cost

esti mat es.

speci fi cati ons,

Permts

Prepare any required environnenta
studi es and obtain required permts.

Installation
pl anni ng

Prepare instructions for installation,
i ncludi ng safety and environnent al
protection plans.

Installation
noni tori ng

Perform engi neering nonitoring of the
install ati on process.

Testing

Performon-site tests of the installed
system as required, to ensure the
noori ng works as designed. Full-scale
anchor proof tests are recomended.

Docunent ati on

Docunent the design and as-built
conditions with drawi ngs and reports.

| nstructi ons

Provi de diagranms and instructions to show
the custonmer how to use and inspect the

noori ng.

| nspection

Perform periodic inspection/testing of
the nooring to assure it continues to
nmeet the custoner(s) requirenents.

Mai nt enance

Per f orm mai nt enance as required and
docunment on as-built draw ngs.

3.2

Cener al

Design Criteria.

Cener al

desi gn i ssues shown

in Table 5 should be addressed during design to help ensure

proj ects neet custoners

MIL-HDBK-1026/4
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Table 5
Desi gn | ssues

CRI TERI A

NOTES

Vessel operating
condi tions

Under what conditions will the vessel(s) exit?
What are the operating mssion requirenents for
the ship? Wat is the maximum al | owabl e hul
pressure?

Al | owabl e noti ons

How nuch ship notion in the six degrees-of-
freedomw Il be allowable for the noored ship?
This is related to brow positions and use,
utilities, ship |oading and unl oadi ng
operations, and other requirenents. Note that
nost shi ps have a very hi gh buoyancy force and
noori ngs should be designed to allow for water
| evel changes at a site.

User skills Is the user trained and experienced in using the
proposed systen? What is the risk that the
nooring woul d be inproperly used? Can a design
be fornul ated for easy and reliable use?

Flexibility How flexible is the design? Can it provide for

new m ssi on requirenents not yet envisioned? Can
it be used with existing facilities/ships?

Constructability

Does the design specify readily avail abl e
commercial products and is it able to be
install ed and/ or constructed using standard
techni ques, tolerances, etc.?

Cost

Are initial and life cycle costs nininzed?

I nspecti on

Can the nooring systembe readily inspected to
ensure continued good working condition?

Mai nt enance

Can the systembe maintained in a cost-effective
manner ?

Speci al
requirenments

What special requirenents does the custoner
have? Are there any portions of the ship that
cannot come in contact with nooring el enments
(e.g., subnmarine hulls)?

MIL-HDBK-1026/4
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3.2.1 Mooring Service Types. There are several types of
standard services that noorings provide for DOD vessels in
harbors. Therefore, the facilities and ship’s nooring hardware
shoul d accommopdat e the types of services shown in Table 6.

Table 6
Mooring Service Types

MOORI NG SERVI CE DESCRI PTI ON
TYPE
TYPE | This category covers noorings that are used
for up to 1 nonth by a vessel that will |eave

prior to an approaching tropical hurricane,
typhoon, or flood. Moorings include
ammunition facilities, fueling facilities,
deperming facilities, and ports of call. Use
of these nmoorings is nornally sel ected
concom tant with forecasted weat her

TYPE 11 This category covers noorings that are used
for 1 nonth or nore by a vessel that wll

| eave prior to an approachi ng tropical

hurri cane, typhoon, or flood. Mborings

i ncl ude general purpose berthing facilities.

TYPE 111 This category covers noorings that are used

for up to 2 years by a vessel that will not

| eave prior to an approaching tropical
hurricane or typhoon. Mborings include
fitting-out, repair, drydocking, and overhaul
berthing facilities. Ships experience this
service approximtely every 5 years.
Facilities providing this service are nearly
al ways occupi ed.

TYPE |V This category covers noorings that are used
for 2 years or nore by a vessel that will not
| eave in case of a hurricane, typhoon, or

fl ood. Moorings include inactive, drydock,
ship nmuseum and training berthing facilities.

3.2.2 Facility Design Criteria for Moring Service Types.
Mooring facilities should be designed using the site specific
criteria given in Table 7. Table 7 gives design criteria in
terms of environmental design return intervals, R and in terns
of probability of exceedence, P, for 1 year of service life, N=1

3.2.3 Ship Hardware Design Criteria for Mboring Service
Types. Ship nooring hardware needs to be designed to accommodat e
vari ous nodes of ship operation. During Type Il operation, a

MIL-HDBK-1026/4 MOORING DESIGN 2-5



ship may be noored in relatively high broadside current and get
caught by a sudden storm such as a thunderstorm Type I
nooring during repair may provide the greatest potential of risk,
because the ship is noored for a significant tine and cannot get
underway. During Type |V nooring, the ship should be aligned
with the current, extra padeyes can be welded to the ship hul

for nmooring, etc., so special provisions can be nade for |ong-
term storage. There are several U S. shipyards where DOD shi ps
can undergo major repairs. The area near Norfol k/ Portsnout h,
Virginia has the nost extrenme design criteria, so use conditions
derived fromthat site for the ship’ s hardware design

Brenmerton, Washington, and Pearl| Harbor, Hawaii have nmajor U S.
Navy repair shipyards with | ower design wi nds and currents at
those sites. Ship nooring hardware environnental design criteria
are given in Table 8.

3.2.4 Strength. Moorings should be designed and constructed
to safely resist the nomnal |oads in | oad conbinations defined
herein w t hout exceeding the appropriate all owabl e stresses for

t he nooring conponents. Nornmal wear of materials and inspection
nmet hods and frequency need to be considered. Due to the probable
chance of sinultaneous nmaxi num occurrences of variable |oads, no
reduction factors should be used.

3.2.5 Serviceability. Morings should be designed to have
adequate stiffness to limt deflections, vibration, or any other
deformations that adversely affect the intended use and
performance of the nooring. At the sane tinme noorings need to be
fl exi bl e enough to provide for |oad sharing and allow for events,
such as tidal changes.
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Table 7

Facility Design Criteria for Moring Service Types
MOORI NG SERVI CE WATER
TYPE | V=33 knts(min.) | 2=189% | FEAD 0' Coan | P=L or
P=0.04 current | higher high | FF1 YT
R=25 yr J J
Vw=75 nph (rmax.)
TYPE |1 P=0.02 (min.) P=0. 02 @f;;ﬂ”gw P=1 or
R=50 yr (mn.) R=50 yr to mean R=1 yr
V=75 nph (rmax.) : :
w hi gher hi gh
TYPE 111 P=0. 02 or P=0. 02 or extrene P=0. 02
R=50 yr [ oner | ow or
R=50 yr to high R=50 yr
TYPE |V P=0. 01 or P=0. 01 or extrene P=0. 01
R=100 R=100 vat er or
yr yr | evel s R=100
yr

*Use exposure D (Anerican Society of G vil
M ni nrum Desi gn Loads for

Bui | di ngs and O her

Struct ures;

Engi neers (ASCE) 7-95,
flat,

unobstructed area exposed to wind flow ng over open water for a
di stance of at least 1 mle or 1.61 km for determ ning design
wi nd speeds. Note that min. = mninumreturn interval or
probability of exceedence used for design; mn. = mninmmw nd
speed; max. = nmaxi rum w nd speed used for design.

**To define the design water depth, use T/d=0.9 for flat keeled

ships; for ships with non-flat hulls, that have sonar dones or
ot her projections, take the ship draft, T, as the nean depth of
the keel and determ ne the water depth, d, by adding 0.61 neter

(2 feet) to the nmaxi num navi gation draft of the ship.
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Tabl e 8

Ship Mooring Hardware Design Criteria

a. Ship Anchor Systens*

MAXI MUM M NI MUM M NI MUM CHAI N ANCHOR
WATER DEPTH | W ND SPEED CURRENT FACTOR COF HOLDI NG
SPEED SAFETY FACTOR OF
SAFETY
240 ft 70 knots 4 knots
73 m 36.0 s 2.06 n's 4.0 1.0
b. Submarine Anchor Systens*
MAXI MUM M NI MUM M NI MUM CHAI N ANCHOR
WATER DEPTH | W ND SPEED CURRENT FACTOR OF HOLDI NG
SPEED SAFETY FACTOR COF
SAFETY
90 ft 70 knots 4 knots
27.4 m 36.0 s 2.06 s 4.0 1.0
c. Ship Moring Systens**
M NI MUM W ND M NI MUM MOORI NG
CONDI T1 ON SPEED CURRENT LI NE
SPEED FACTOR OF
SAFETY
L 25 knots
Nor mal weat her condition 1 knot 9.0
o 50 knots
Heavy weat her condition 3 knots 3.0
Y 25.7 s 1.54 s

*Quasi -static design assumng wind and current are co-linear for
shi p and submari ne anchor systems (after NAVSEA DDS-581).

**Quasi -static design assum ng current
approach fromany direction (after

3.2.6

Gener al

Mooring Integrity.

For

noor i ngs,
i nes,
sever al

nmenbers.
noor ed. Therefore,

MIL-HDBK-1026/4

| f one nmenber
a nultiple nmenber

is |ost,
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is broadsi de and wi nd can
NAVSEA DDS-582-1).

mul ti pl e- menber

such as for a ship secured to a pier by a nunber of

the nooring systemstrongly relies on | oad sharing anong
the ship should remai ned
noori ng desi gn shoul d be
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designed to ensure that remaining nenbers nmaintain a factor of
safety at |east 75 percent of the intact nooring factors of
safety shown in Table 9 with any one nenber m ssing.

3.2.7 Quasi -Static Safety Factors. Table 9 gives recommended
m ni mum factors of safety for “quasi-static” design based on
material reliability.

3.2.8 Al |l owabl e Ship Motions. Table 10 gives recomrended
operational ship nmotion criteria for noored vessels. Table 10(a)
gi ves maxi num wave conditions for manned and noored snmall craft
(Permanent International Association of Navigation Congresses
(PIANC), Criteria for Movenents of Mwored Ships in Harbors; A
Practical Guide, 1995). These criteria are based on confort of
personnel on board a small boat, and are given as a function of
boat | ength and | ocally generated.

Tabl e 10(b) gives recommended notion criteria for safe
wor ki ng conditions for various types of vessels (PIANC, 1995).

Tabl e 10(c) gives recommended velocity criteria and
Tabl e 10(d) and (e) give special criteria.
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Table 9
M ni mum Quasi - Static Factors of Safety

M NI MUM
COVPONENT FACTOR OF NOTES
SAFETY
St ockl ess anchor 1.5 Eg{dFL;'SELZC?FSDor'ng system
H gh efficiency 5 0 For ultimate anchoring system
drag anchors ' hol di ng capaci ty*
Fi xed anchors 3.0 For ultimate anchoring system
(piles and pl ates) ' hol di ng capaci ty*
. Use only in special cases (see
Deadwei ght anchors ) Naval Civil Engineering
Laboratory (NCEL) Handbook for
Mari ne CGeot echni cal Engi neeri ng,
1985)
For relatively straight |engths.
Chai n For chain around bends.
These factors of safety are for
the new chain break strength.
: For the new wire rope break
Wre rope 3.0 strength. P
nthetic |line : or new | ine break strength.
Synthetic |ine** 3.0 F li b k h
Ship bitts *Hx For ultimate strength.
Pi er bollards * ok For ultimate strength.
*It is recomended that anchors be pull tested.

**Reduce the effective strength

* k% %

For nooring fittings take 3

used on the fitting; apply a | oad of:
strength)*1.3 to determ ne actua

SO ( act./ altow)<1.0, where
and ot her applicabl e codes.
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Recomended Practi cal

Table 10

Mbtion Criteria for

Mbor ed Vessel s

(a) Safe Wave Height Limts for Mored Manned Smal |l Craft
(after PI ANC, 1995)
Beani Quartering Seas Head Seas
Shi p Wave Maxi mum Wave Maxi mum
Length Peri od Si gn Wave Peri od Si gn Wave
(m (sec) Hei ght , (sec) Hei ght ,
H (m H(m
4 to 10 <2.0 0. 20 <2.5 0. 20
“ 2.0-4.0 0.10 2.5-4.0 0.15
“ >4.0 0.15 >4.0 0. 20
10- 16 <3.0 0. 25 <3.5 0. 30
“ 3.0-5.0 0.15 3.5-5.5 0. 20
“ >5.0 0. 20 >5.5 0. 30
20 <4.0 0. 30 <4.5 0. 30
“ 4.0-6.0 0.15 4.5-7.0 0. 25
“ >6.0 0. 25 >7.0 0. 30
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Tabl e 10
Recomended Practical Mtion Criteria for
Moor ed Vessel s (Conti nued)

(b) Recommended Motion Criteria for Safe Wrking Conditions?

(after PI ANC, 1995)

Shi p Cargo Handling | Surge | Sway | Heave | Yaw |Pitch | Roll

Type Equi prrent m [ m | m | O | O ]
Fi shi ng El evat or crane 0.15 0.15 - - - -
vessel's Li ft-on/ of f 1.0 | 1.0 | 0.4 3 3 3
10- 3000 )
CRT? Suction punp 2.0 1.0 - - - -
Frei ghters | Ship’s gear 1. 1.2 1 1 2
& coasters Quarry cranes 1. 1.2 2 1 3
<10000 DWI3
Ferri es, Si de ranp* 0.6 0.6 0.6 1 1 2
Rol | -
o 3 | bewstormranp | 0.8 | 0.6 | 0.8 | 1 1 4
(RO’ RO Li nkspan 0.4 0.6 0.8 3 2 4

Rai|l ranp 0.1 0.1 0.4 - 1 1

Cener al
£000. 10000 : 20 | 1.5 | 1.0 | 3 2 5
DWI
Cont ai ner 100% ef fi ci ent 1.0 0.6 0.8 1 1
vessel's 50% ef f i ci ent 20 | 1.2 | 1.2 | 1.5 2
Bul k Cr anes 2.0 1.0 1.0 2 2 6
carriers El evat or/ 1.0 0.5 1.0 2 2 2
30000- bucket - wheel 50 5 5 3
150000 DWI | Conveyor belt : : ) ) )
o) Loadi ng arms 3.0° 3.0 - - - -
t ankers
Gas Loadi ng arns 2.0 2.0 - 2 2 2
t ankers

Not es for Table 10(b):
Mbtions refer to peak-to-peak val ues (except for sway,
whi ch is zero-to-peak)
2GRT = Gross Registered Tons expressed as internal volume of ship
inunits of 100 ft3 (2.83 )
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*DWT = Dead Weight Tons, which is the total weight of the vessel
and cargo expressed in long tons (1016 kg) or metric tons

(1000 kg)

“Ranps equi pped with rollers.

°For exposed | ocations, loading arns usually allow for 5.0-meter
not i on.

Tabl e 10
Recommended Practical Mtion Criteria
for Moored Vessels (Continued)

(c) Recomrended Vel ocity Criteria for Safe Moring Conditions
for Fishing Vessels, Coasters, Freighters, Ferries
and Ro/Ro Vessels (after PIANC, 1995)

Shi p Sur ge Sway Heave Yaw Pitch Rol |
Si ze( DWI) (m's) (m's) (m's) (°'s) (°'s) (°'s)
1000 0.6 0.6 - 2.0 - 2.0
2000 0.4 0.4 - 1.5 - 1.5
8000 0.3 0.3 - 1.0 - 1.0

(d) Special Criteria for Wal kways and Rail Ranps
(after PI ANC, 1995)

Par anet er Maxi mum Val ue
Vertical velocity 0.2 ms
Vertical acceleration 0.5 nis?

MIL-HDBK-1026/4 MOORING DESIGN 2-13



Recommended Practica

Tabl e 10

Mbtion Criteria

for Moored Vessels (Continued)
(e) Special Criteria
CONDI TI ON MAXI MUM NOTES
VALUES
Heave - Ships will nove vertically
with any |ong period water
| evel change (tide, storm
surge, flood, etc.). The
resul ti ng buoyancy forces
may be high, so the nporing
must be designed to provide
for these notions due to
| ong period water |evel
changes.
Loadi ng/ unl oadi ng 0.6 m Maxi mum ranp notion during
preposi tion ships (2 feet) | oadi ng/ unl oadi ng novi ng
wheel ed vehi cl es.
Weapons 0.6 m Maxi mum noti on between the
| oadi ng/ unl oadi ng (2 feet) crane and the object being

| oaded/ unl oaded.

MIL-HDBK-1026/4
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3.3 Desi gn Met hods

3.3.1 Quasi -Static Design. Practical experience has shown
that in many situations such as for Moring Service Types | and
1, static analysis tools can be used to reliably determ ne
nooring designs in harbors. Wnds are a key forcing factor in
nooring harbors. Wnds can be highly dynam c in heavy weat her
conditions. However, practical experience has shown that for
typi cal DOD ships, a wind speed with a duration of 30 seconds can
be used, together with static tools, to devel op safe nooring
designs. The use of the 30-second duration wind speed with
static tools and the approach shown in Table 11 is called *quasi-
static” design.

Table 11
Quasi - Static Design Notes

CRI TERI A NOTES

W nd speed Determine for the selected return
interval, R For typical ships use the
wi nd that has a duration of 30 seconds
at an elevation of 10 m

Wnd direction Assume the wind can cone from any
direction except in cases where w nd
data show extrenme wi nds occur in a
wi ndow of directions.

Current speed Use conditions for the site (speed and
di rection).

Water |evels Use the range for the site.

Waves Negl ected. |f waves are believed to be

i mportant, then dynami c anal yses are
r econmended.

Factors of safety Perform the design using quasi-static

forces and nonents (see Section 4),

nm ni num factors of safety in Table 9,
and design to assure that all criteria
are net.
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3.3.2 Dynam ¢ Mooring Analysis. Conditions during Moring
Service Types Il and 1V, and during extrene events can be highly
dynam c. Unfortunately, the dynam c behavior of a noored ship in
shal | ow wat er can be highly conpl ex, so dynam cs cannot be fully
docunented in this handbook. An introduction to dynamcs is
provided in Section 8 Information on dynamics is found in:
Dynam ¢ Anal ysis of Mdored Floating Drydocks, Headl and et. al.
(1989); Advanced Dynam cs of Marine Structures, Hooft (1982);

Hydr odynam ¢ Anal ysis and Conputer Sinmulation Applied to Ship
Interaction During Maneuvering in Shall ow Channel s,

Ki zakkevariath (1989); David Tayl or Research Center (DITRC), SPD-
0936-01, User’s Manual for the Standard Ship Mtion Program
SMP81; Low Frequency Second Order Wave Exciting Forces on
Floating Structures, Pinkster (1982); Moring Dynam cs Due to
Wnd Qust Fronts, Seelig and Headl and (1998); and A Sinul ation
Model for a Single Point Mored Tanker, Wchers (1988). Sone
condi ti ons when nooring dynam cs may be inportant to design or
when speci ali zed considerations need to be nmade are given in
Tabl e 12.

3.4 Risk. Risk is a concept that is often used to design
facilities, because the probability of occurrence of extrene
events (currents, waves, tides, storm surge, earthquakes, etc.)
is strongly site dependent. Risk is used to ensure that systens
are reliable, practical, and econom cal .

A conmmon way to describe risk is the concept of ‘return
interval’, which is the mean |length of tinme between events. For
exanple, if the wind speed with a return interval of R = 100
years is given for a site, this wind speed woul d be expected to
occur, on the average, once every 100 years. However, since w nd
speeds are probabilistic, the specified 100-year wi nd speed m ght
not occur at all in any 100-year period. O, in any 100-year
period the wind speed may be equal to or exceed the specified
wi nd speed nultiple tines.
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The probability or risk that an event will be equal ed
or exceeded one or nore tinmes during any given interval is
determ ned from

EQUATI ON: P = 100%* (1-(1-1/ R)™) (1)
wher e

-
I

probability, in percent, of an event

bei ng equal ed or exceeded one or nore
times in a specified interval

return interval (years)

service life (years)

Figure 15 shows risk versus years on station for
various selected values of return interval. For exanple, take a
ship that is on station at a site for 20 years (N=20). There is
a P=18.2 percent probability that an event with a return interval

of R=100 years or greater will occur one or nore tinmes at a site
in a 20-year interval
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Table 12

Condi ti ons Requiring Speci al

Anal ysi s

FACTOR
W nd

SPECI AL ANALYSI S REQUI RED
> 45 nph for small craft

> 75 nmph for larger vessels

W nd waves

> 1.5 ft for small craft

> 4 ft for larger vessels

W nd gust fronts

Yes for SPMs

Current

> 3 knots

Shi p waves and passing ship effects

Yes for special cases (see
Ki zakkevari ath, 1989; Qccasi on,
1996; Weggel and Sorensen, 1984 &
1986)

Long waves (seiches and tida
or tsunanmis)

waves

Yes

Bert hi ng and usi ng nooring as a break

Yes (see M L-HDBK-1025/1)

Parting tension nmenber

May be static or dynamc

Ship i nmpact or other sudden force on
the ship

Yes (if directed)

Eart hquakes (spud noored or stiff
syst ens)

Yes

Expl osi on, | andslide, inpact

Yes (if directed)

Tornado (reference NUREG 1974)

Yes

Fl ood, sudden water |evel rise

Yes (if directed)

I ce forcing

Yes (if a factor)

Shi p/ noori ng system dynam cal ly
unstable (e.g., SPM

Yes (dynam c behavi or of ships at
SPMs can be especially conpl ex)

Forcing period near a natural period Yes; if the forcing period is
of the nmporing system from80%to 120% of a system
natural period
Note: SPM = single point nooring

MIL-HDBK-1026/4
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3.5 Coordi nate Systens. The various coordi nate systens
used for ships and nooring design are described bel ow

3.5.1 Shi p Design/ Construction Coordinates. A forward

per pendi cul ar point (FP), aft perpendicular point (AP), and
regul ar spaced franmes along the |ongitudi nal axes of the ship are
used to define stations. The bottomof the ship keel is usually
used as the reference point or “baseline” for vertical distances.
Figure 16 illustrates ship design coordi nates.

3.5.2 Shi p Hydrostatics/Hydrodynam cs Coordi nates. The
forward perpendicular is taken as Station 0, the aft

perpendi cular is taken as Station 20, and various cross-sections
of the ship hull (perpendicular to the |ongitudinal axis of the
ship) are used to describe the shape of the ship hull. Figure 16
illustrates ship hydrostatic conventions.

3.5.3 Local Mooring Coordi nate System Environnmental forces
on ships are a function of angle relative to the vessel’s

| ongi tudinal centerline. Also, a ship tends to nove about its
center of gravity. Therefore, the local “right-hand-rule”

coordi nate system shown in Figure 17, is used in this handbook.
The mdship s point is shown as a convenient reference point in
Figures 17 and 18.

3.5.4 G obal Coordinate System Plane state grids or other
systens are often used to describe x and y coordinates. The

vertical datumis nost often taken as relative to sone water

| evel, such as nean | ower |ow water (MLW.
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Figure 16

Ship Design and Hydrostatic Coordinates
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CORD_SYS.DWG

Example: Wind
angle = 40 deg
relative to ship.

IIYII
B \ midships

Note: “Z” is the vertical
dimension out of the plane.
SHIP

-

Plan View

Figure 17
Local Mooring Coordinate Systemfor a Ship
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+2

‘ +X
AP MIDSHIPS p

AP = Aft perpendicular

FP = Forward perpendicular

MIDSHIPS = half way between AP and FP
X = 0 at midships (LBP/2)

Y = 0 at ship centerline

Z = 0 at ship keel (baseline)

Figure 18
Local Mooring Coordinate Systemfor a Ship

MIL-HDBK-1026/4 MOORING DESIGN 2-23



3.6 Vessel

Desi gn Consi derations. Sone inportant vessel

nooring design considerations are sunmari zed in Table 13.

Tabl e 13

Desi gn Consi derations - Ship

PARAMETER
Ship fittings

NOTES

The type, capacity, |ocation, and
nunber of nooring fittings on the ship
are critical in designing noorings.

Shi p har dwar e

The type, capacity, |ocation, and
nunmber of other nooring hardware
(chain, anchors, w nches, etc.) on the
ship are critical

Buoyancy

The shi p’s buoyancy supports the ship
up in the heave, pitch, and rol
directions. Therefore, it is usually
undesirabl e to have nuch nooring
capacity in these directions. A large
ship, for exanple, may have over a
mllion pounds of buoyancy for a foot
of water level rise. If an unusually
| arge water level rise occurs for a
nmooring with a | arge conponent of the
nmooring force in the vertica
direction, this could result in
nooring failure.

Hul | pressures

Shi ps are designed so that only a
certain all owabl e pressure can be
safely resisted. Allowable hul
pressures and fender design are
di scussed i n Appendi x B.
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3.7 Facility Design Considerations. Sone inportant
facility nooring design considerations are sunmarized in Table
14.

Table 14
Design Considerations - Facility

PARAMVETER NOTES

Adequat e ship access in terns of
channel s, turning basins, bridge
cl earance, etc. needs to be
provi ded. Al so, tugs and pilots
nmust be avail abl e.

Access

The nunber, type, location and
capacity of nooring fittings or
attachnment point have to neet the
needs of all vessels using the
facility.

Mooring fittings

The nunber, type, location, and
properties of marine fenders nust
be specified to protect the
ship(s) and facility.

Fender s

The water depth at the nporing
site nust be adequate to neet the
custoner’ s needs.

Wat er depth

Many harbor sites experience
shoal i ng. The shoaling and
possi bl e need for dredgi ng needs
to be consi der ed.

Shoal i ng

Permts (Federal, state,

envi ronnental , historical, etc.)
are often required for facilities
and they need to be consi dered.

Permts

3.8 Envi ronnent al Forci ng Desi gn Consi derati ons.
Environnental forces acting on a noored ship(s) can be conpl ex.
Wnds, currents, water |evels, and waves are especially inportant
for many designs.

3.8.1 Wnds. A change in pressure fromone point on the
earth to another causes the wind to blow. Turbulence is carried
along with the overall wind flowto produce wind gusts. |If the
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mean wi nd speed and direction do not change very rapidly with
time, the winds are referred to as “stationary.”

Practical experience has shown that wind gusts with a
duration of approxinmately 30 seconds or |onger have a significant
i nfluence on typical nmoored ships with displacenents of about
1000 tons or larger. Vessels with shorter natural periods can
respond to shorter duration gusts. For the purposes of this
handbook, a 30-second wind duration at a 10-neter (33-foot)
el evation is recomrended for the design for “stationary” w nds.
The rel ationship of the 30-second wind to other wind durations is
shown in Figure 19.

If wind speed and/or direction changes rapidly, such as
in a wnd gust front, hurricane or tornado, then wi nds are “non-
stationary”. Figure 20, for exanple, shows a recording from
typhoon OVAR on Guam The eye of this stormwent over the
recording site. The upper portion of this figure shows the w nd
speed and the | ower portion of the figure is the wind direction.
Time on the chart recorder proceeds fromright to left. This
hurricane had rapid changes in wind speed and direction. As the
eye passes there is also a large scale change in wind speed and
di rection.
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Figure 19
Rati o of Wnd Speeds for Various Qusts
(after ASCE 7-95)
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Figure 20
Typhoon OMAR W nd Chart Recording

MIL-HDBK-1026/4 MOORING DESIGN 2-28



3.8.2 Wnd GQust Fronts. A particularly dangerous w nd
condition that has caused a nunber of nporing accidents is the

wi nd gust front (Mooring Dynam cs Due to Wnd GQust Fronts, Seelig
and Headl and, 1998 and CHESNAVFACENGCOM FPO- 1-87(1), Failure
Anal ysis of Hawsers on BOBO Cl ass MSC Ships at Tinian on 7
Decenber 1986). This is a sudden change in wi nd speed that is
usual |y associated with a change in wind direction (Wnd Effects
on Structures, Simu and Scanlan, 1996). The key problens with
this phenonena are: (1) high nooring dynam c | oads can be
produced in a wind gust front, (2) there is often little warning,
(3) little is known about w nd gust fronts, and (4) no design
criteria for these events have been established.

A study of Guam Agana National Air Station (NAS) w nd
records was perforned to obtain sone statistics of wind gust
fronts (National Climatic Data Center (NCDC), Letter Report
E/ CC31: MIC, 1987). The 4.5 years of records anal yzed from 1982
t hrough 1986 showed approxi mately 500 cases of sudden w nd speed
change, which were associated with a shift in wnd direction.
These wi nd shifts predom nately occurred in 1 mnute or |ess and
never took |longer than 2 mnutes to reach maxi num w nd speed.
Figure 21 shows sudden changes in w nd speed and direction that
occurred over a 2-1/2 day period in Cctober 1982. These w nd gust
fronts seened to be associated with a nearby typhoon.

Tabl e 15 gives the joint distribution of wind shifts in
terms of the amount the increase in wind speed and the w nd
direction change. Approximtely 60 percent of the w nd gust
fronts from 1982 through 1986 had wi nd direction changes in the
30-degree range, as shown in Figure 22.
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Based on the Guam observations, the initial w nd speed
in awnd gust front ranges fromO to 75 percent of the maxi num
wi nd speed, as shown in Figure 23. On the average, the initial
w nd speed was 48 percent of the maximumin the 4.5-year sanple
from Guam (NCDC, 1987).

Simu and Scanl an (1996) report w nd gust front
increases in wind speed ranging from3 msec to 30 msec (i.e., 6
to 60 knots). Figure 24 shows the distribution of gust front
winds fromthe 4.5-year sanple from 1982 t hrough 1986 on Guam
This figure shows the probability of exceedence on the x-axis in
a logarithmc format. The square of the wi nd gust front speed
maxi nuns was plotted on the y-axis, since wind force is
proportional to wind speed squared. Figure 24 provides a sanple
of the maxi mum wi nd gust front distribution for a relatively
short period at one site. Those wnd gust fronts that occurred
when a typhoon was nearby are identified with an “H. It can be
seen that the majority of the higher gust front maximuns were
associated with typhoons. Also, the typhoon gust front w nd
speed maxi ma seemto follow a different distribution that the
gust front maxima associated with rain and thunderstorns (see
Fi gure 24).

Effects of winds and wind gusts are shown in the
exanples in Section 8 of this handbook.
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Sanmpl e Wnd Gust Fronts on Guam 2-4 Cctober 1982
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Tabl e 15.

Sanple Distribution of Wnd GQust Fronts
on Guam (Agana NAS) from 1982 to 1986

WIND SPEED CHANGE

NUMBER OF OBSERVATIONS
WIND DIRECTION CHANGE

(knots) (m/s)
MIN. [ MAX. | MIN. | MAX. | 20 30 40 | 50 | 60 | 70 | 80 | 90
deg | deg | deg | deg | deg | deg | deg | deg
6 10 3.1 5.1 28 241 | 66 30 4 2
11 15 5.7 7.7 8 42 18 13 5 3 1 1
16 20 8.2 10.3 6 7 3 2 2
21 25 10.8 | 12.9 3 2 1
26 30 13.4 | 154 1
60
N 50 Percent of Observations
= )ICKWISE 62%
LEL 40 COUNTERCLOCKWISE
» 30
LL
O 20 —
S
10 —
0 |—| 1 1 1 —== 1 1
20 30 40 50 60 70 80 90
WIND ANGLE CHANGE (deg)
Figure 22

Distribution of Guam Wnd Gust Front Wnd Angl e Changes
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Figure 23
Ver sus Maxi mum W nd Speeds for Wnd Gust Fronts
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3.8.3 St or ns.
st andard stor ns.

Tabl e 16 gives environnental paraneters for

Tabl e 16
St orm Par aneters
(a) Tropical Storns

LOWNER W ND SPEED UPPER W ND SPEED

STORM (m's) [ (nmph) | (knts) [ (m's) | (nmph) | (knts)
TROPI CAL 10. 3 23 20 17 38 33
DEPRESSI ON
TROPI CAL STORM 18.0 40 35 32. 4 74 63
HURRI CANE 33.1 74 64 - - -
(b) Saffier-Sinpson Hurricane Scal e
W ND SPEED RANGE OPEN COAST STORM SURGE RANGE
LOAER UPPER LOAER UPPER
CATE- | (m's) | (nph) | (m's) | (mph) | (M (ft) (m (ft)
GORY
1 33.1 74 42.5 95 1.22 4 1.52 5
2 42.9 96 49. 2 110 1.83 6 2.44 8
3 49. 6 111 58.1 130 2.74 9 3. 66 12
4 58.6 131 69. 3 155 3. 96 13 5.49 18
5 69. 3 155 - - 5.49 18 - -
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Tabl e 16

St orm Paraneters (Conti nued)

(c) Beaufort Wnd Force*

LONER W ND SPEED

UPPER W ND SPEED

BEAUFORT W ND (m's) (mph) | (knts) | (nls) (rmph) | (knts)
FORCE/
DESCRI PTI ON
0 CALM 0.0 0 0 0.5 1 1
1 LIGHT AIRS 0.5 1 1 1.5 4 3
2 LI GHT BREEZE 2.1 5 4 3.1 7 6
3 CENTLE GREEZE 3.6 8 7 5.1 12 10
4 MODERATE BREEZE 5.7 13 11 8.2 18 16
5 FRESH BREEZE 8.8 20 17 10. 8 24 21
6 STRONG BREEZE 11.3 25 22 13.9 31 27
7 MODERATE GALE 14. 4 32 28 17.0 38 33
8 FRESH GALE 17.5 39 34 20.6 46 40
9 STRONG GALE 21. 1 47 41 24.2 54 47
10 WHOLE GALE 24. 7 55 48 28. 3 63 55
11 STORM 28. 8 65 56 32.4 73 63
12 HURRI CANE 32.9 74 64 36. 6 82 71
*Aft er Handbook of Gcean and Underwat er Engi neers,
Mers et al. (1969).
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(d) World Meteorol ogical

Tabl e 16

Storm Paraneters (Conti nued)

Organi zation Sea State Scal e

Si gn. Wave Hei ght Sust ai ned W nd Modal
Speed Wave
SEA STATE (ft) [mM Peri od
(knts) [m s] Range
(sec)
0 CALM GLASSY NONE NONE -
1 RIPPLED 0-0.3 [0-0.1] 0-6 [0-3] -
2 SMOOTH 0.3-1.6 [0.1-0.5] 7-10 [3.6-5.1] 3-15
3 SLIGHT 1.6-4.1 [0.5-1.2] 11-16 [5.7-8.2] 3-15.5
4 MODERATE 4.1-8.2 [1.2-2.5] 17-21 [8. 7-10. 8] 6- 16
5 ROUGH 8.2-13.1 [2.5-4.0] 22-27 [11.3-13.9] 7-16.5
6 VERY ROUGH | 13.1-19.7 [4.0-6.0] | 28-47 [14. 4-24.2] 9-17
7 HCH 19.7-29.5 [6.0-9.0] | 48-55 [24.7-28. 3] 10- 18
8 VERY H GH 29.5-45.5[9.0-13.9] | 56-63 [ 28. 8-32. 4] 13-19
9 PHENOVENAL >45.5 [>13. 9] >63 [ >32. 4] 18- 24
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3.8.4 Currents. The magnitude and direction of currents in
har bors and nearshore areas are in nost cases a function of

| ocation and tinme. Astronom cal tides, river discharges, w nd-
driven currents, and other factors can influence currents. For
exanpl e, wind-driven currents are surface currents that result
fromthe stress exerted by the wind on the sea surface. Wnd-
driven currents generally attain a nean velocity of about 3 to 5
percent of the mean wind speed at 10 neters (33 feet) above the
sea surface. The magnitude of this current strongly decreases
wi th depth.

Currents can be very site specific, so it is
recommended that currents be neasured at the design site and
conbined with other information available to define the design
current conditions.

3.8.5 Water Levels. At nost sites sone standard datum such
as nean |low water (MW or nean |lower |ow water (MLLW, is
established by formal nmethods. Water |evels are then referenced
to this datum The water |level in nost harbors is then a
function of tine. Factors influencing water |evels include
astronom cal tides, stormsurges, river discharges, w nds,

sei ches, and other factors.

The design range in water |levels at the site nust be
considered in the design process.

3.8.6 Waves. Most DOD noorings are wisely located in harbors
to help mnimze wave effects. However, waves can be inportant
to nmooring designs in sonme cases. The two primry wave
categories of interest are:

a) Wnd waves. Wnd waves can be |locally generated or
can be wind waves or swell entering the harbor entrance(s).
Smal | vessels are especially susceptible to wi nd waves.

b) Long waves. These can be due to surf beat, harbor
sei ching, or other effects.
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Ship waves may be inportant in some cases. The
response of a noored vessel to wave forcing includes:

a) A steady nean force.

b) First order response, where the vessel responds to
each wave, and

c) Second order response, where sone natural |ong
peri od node of ship/nooring notion, which usually has little
danping, is forced by the group or other nature of the waves.

If any of these effects are inportant to a given
noori ng design, then a six-degree-of-freedom dynam c of the
system generally needs to be considered in design. Sone gui dance
on safe wave limts is given in Table 9

3.8.7 Water Depths. The bathynetry of a site may be conpl ex,
dependi ng on the geol ogy and history of dredging. Water depth
may al so be a function of time, if there is shoaling or scouring.
Wat er depths are highly site specific, so hydrographic surveys of
the project site are reconmmended.

3.8.8 Environnental Design Infornmation. Sone sources of
environnental design information of interest to nooring designers
are summari zed in Table 17.
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Tabl e 17
Some Sources of Environnental Design |Information

a. W nds

NAVFAC d i mat e Dat abase, 1998

ANSI / ASCE 7-95 (1996)

Nat i onal Bureau of Standards (NBS), Series 124, Hurricane
Wnd Speeds in the United States, 1980

Nucl ear Regul atory Conmm ssion (NUREG, NUREG CR- 2639,
Hi storical Extrenme Wnds for the United States — Atlantic
and Gulf of Mexico Coastlines, 1982

Hurri cane and typhoon havens handbooks, NRL (1996) and
NEPRF (1982)

NUREG CR-4801, Cdimatol ogy of Extrene Wnds in Southern
California, 1987

NBS Series 118, Extrenme Wnd Speeds at 129 Stations in the
Contiguous United States, 1979

b. Currents

NAVFAC d i mat e Dat abase, 1998

Nat i onal Ccean Survey records

Nauti cal Software, Tides and Currents for Wndows, 1995

U S. Arny Corps of Engineers records
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Tabl e 17
Some Sources of Environnental Design Information (Continued)

c. Water Levels

NAVFAC d i mat e Dat abase, 1998

Federal Energency Managenent Agency records

U S. Arny Corps of Engineers, Special Report No. 7, Tides
and Tidal Datuns in the United States, 1981

National Ocean Survey records

Hurri cane and typhoon havens handbooks, NRL (1996) and
NEPRF (1982)

Nauti cal Software (1995)

U S. Arny Corps of Engineers records

d. \Waves

Hurri cane and typhoon havens handbooks, NRL (1996) and
NEPRF (1982)

U S. Arny Corps of Engineers, Shore Protection Manua
(1984) gives prediction nethods

e. Bathynetry

From ot her projects in the area

Nat i onal Ccean Survey charts and surveys

U S. Arny Corps of Engineers dredging records
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3.9 Oper ati onal Considerations. Some inportant operational
design considerations are sumrari zed in Table 18.

Tabl e 18
Moori ng Operational Design Considerations

PARAVETER NOTES
Per sonnel What is the skill of the people using
experience/ t he nooring?
traini ng
Fai l ure What are the consequences of failure?

Are there any design features that can
be incorporated that can reduce the

I npact ?

Ease of use How easy is the nooring to use and are
there factors that can nmake it easier
to use?

Safety Can features be incorporated to nake

the nooring safer for the ship and
personnel ?

Act - of - God events Extreme events can occur unexpectedly.
Can features be incorporated to
accommodat e t hen?

Future use Future custoner requirenents may vary
frompresent needs. Are there things
that can be done to nmake a nooring
facility nore universal ?
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3.10 | nspection. Moori

ng systens and conponents shoul d be

i nspected periodically to ensure they are in good working order
and are safe. Table 19 gives inspection guidelines.

| nspec

Tabl e 19
ti on Cui delines

MOORI NG SYSTEM
OR COMPONENT

MAXI MUM

| NSPECTI ON NOTES

| NTERVAL

Pi ers and
whar ves

1 year
3 years
6 years

Surface inspection

Conpl ete i nspection - wood
structures

Conpl ete i nspection - concrete
and steel structures

See NAVFAC MO 104. 2,
Speci al i zed Under wat er
Waterfront Facilities
Inspections; If the actua
capacity/condition of nporing
fittings on a pier/wharf is
unknown, then pull tests are
recommended to proof the
fittings.

Fl eet Moori ngs

3 years

See CHESNAVFACENGCOM FPO- 1-
84(6), Fleet Mooring Underwater

I nspection Cuidelines. Also

i nspect and repl ace anodes, if
required. Mre frequent

i nspection nay be required for
noori ngs at exposed sites or
for critical facilities.

Synt hetic |ine

6 nont hs

Per manufacturer’s
recommendat i ons
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Tabl e 19
| nspection Cuidelines (Continued)

MOORI NG SYSTEM | MM NOTES
OR COVPONENT | NSPECT] ON
| NTERVAL
Ship’'s chain 36 nonths | 0-3 years of service

24 nmonths | 4-10 years of service
18 nonths | >10 years of service

(American PetroleumlInstitute
(APl) RP 2T, Recommended
Practice for Planning,

Desi gni ng, and Constructing
Tension Leg Pl atforns)

Wre rope 18 nmonths | 0-2 years of service
12 nonths | 3-5 years of service
9 nont hs >5 years of service
(APl RP 27)

3.11 Mai nt enance. |f excessive wear or danmge occurs to a
nooring system then it nust be maintained. Fleet nooring chain,
for exanple, is allowed to wear to a dianeter of 90 percent of
the original steel bar dianeter. As neasured di aneters approach
90 percent, then maintenance is scheduled. Moorings with 80 to
90 percent of the original chain dianmeter are restricted to
limted use. |If a chain dianmeter reaches a bar dianeter of 80
percent of the original dianmeter, then the nooring is condemed.
Figure 25 illustrates sone idealized nodels of chain wear

3.12 General Mboring CGuidelines. Experience and practi cal
consi derations show that the recommendations given in Table 20
will help ensure safe nooring. These ideas apply to both ship
nooring hardware and nooring facilities.
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Tabl e 20
Desi gn Reconmendat i ons

| DEA

NOTES

Al l ow ship to nove
with rising and
falling water

| evel s

The wei ght and buoyancy forces of ships can
be very high, so it is nost practical to
design noorings to allow ships to nove in
the vertical direction with changi ng water

| evel s. The design range of water |evels
for a specific site should be determined in
t he desi gn process.

Ensure nooring
syst em conponent s
have sim | ar
strength

A systemis only as strong as its weakest
segnent; a systemw th conponents of
simlar strength can be the nost
econonmical. Mooring lines should not have
a break strength greater than the capacity
of the fittings they use.

Ensure | oad
shari ng

In some noorings, such as at a pier, nmany
lines are involved. Ensuring that nenbers
will share the load results in the nost
econom cal system

Bridl e design

In cases where a ship is noored to a single
poi nt nmooring buoy with a bridle, ensure
that each leg of the bridle can wthstand
the full rnooring | oad, because one nenber
may take the full |oad as the vessel

SW ngs.

Provi de shock
absorbing in
noori ng systens

W nd gusts, waves, passing ships, etc.,

wi |l produce transient forces on a noored
ship. Allow ng sonme notion of the ship
will reduce the dynam c |oads. ‘ Shock
absorbers’ including mari ne fenders, tinber
piles, synthetic lines with stretch, chain
catenaries, sinkers, and simlar systens
are recomended to allow a noored ship to
nove in a controlled manner.
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Tabl e 20

Desi gn Reconmendati ons (Conti nued)

| DEA

NOTES

Limt the vertica
angl es of |ines
fromship to pier

Desi gni ng ships and piers to keep snal
vertical line angles has the advantages of
i mproving line efficiency and reducing the
possibility of lines pulling off pier
fittings.

Sel ect drag
anchors to have a
| ower ultimte
hol di ng capacity
t han the breaki ng
strength of chain
and fittings

Desi gn nooring systemthat uses drag
anchor, so that the anchor will drag before
the chai n breaks.

Limt the |oading
on drag anchors to
hori zontal tension

Drag anchors work on the principle of
‘plowing’ into the soils. Keeping the
nooring catenary angle snall at the
seafloor wll aid in anchor hol ding. Have
at | east one shot of chain on the seafl oor
to help ensure the anchor will hold.

Pul | test anchors

whenever possible

to the full design
| oad

Pul | testing anchors is recommended to
ensure that all facilities with anchors
provi de the required hol ding capacity.
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Section 4: STATI C ENVI RONVENTAL FORCES AND MOMENTS ON VESSELS

4.1 Scope. In this section design nethods are presented
for calculating static forces and nonments on single and nmultiple
noor ed vessels. Exanples show cal cul ati on net hods.

4.2 Engi neering Properties of Water and Air. The effects
of water and air at the surface of the earth are of primary
interest in this section. The engineering properties of both are
given in Table 21.

Tabl e 21
Engi neering Properties of Air and Water

(a) Standard Salt Water
at Sea Level at 15°C (59°F)

PROPERTY Sl SYSTEM ENGLI SH SYSTEM
Mass density, w 1026 kg/ n? 1.9905 slug/ft3
Wei ght density, w 10060 newt on/ nt 64.043 | bf/ft?3
Vol ume per long ton (LT) 0.9904 n?/ LT 34.977 ft3/LT
Ki nemati ¢ viscosity, 1. 191E-6 nf/sec 1.2817E-5 ft? sec

(b) Standard Fresh Water
at Sea Level at 15°C (59°F)

PROPERTY SI SYSTEM ENGLI SH OR
| NCH- POUND SYSTEM
Mass density, w 999.0 kg/n? 1.9384 slug/ft?
Wei ght density, w 9797 newt on/ n? 62.366 | bf/ft?
Vol ume per long ton (LT) 1.0171 m?/ LT 35.917 ft3/LT
Vol une per netric ton 1. 001 mf/ton 35.3497 ft3 ton
(ton or 1000 kg or 1 M)
Ki nematic viscosity, 1. 141E- 6 ntf/ sec 1. 2285E-5 ft?/ sec
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Tabl e 21
Engi neering Properties of Air and Water (Continued)

(c) Ar
at Sea Level at 20°C (68°F)*
PROPERTY S| SYSTEM ENGLI SH OR

| NCH- POUND SYSTEM

Mass density, a 1.221 kg/ n? 0. 00237 slug/ft?

Wi ght density, a 11. 978 newt on/ nt 0.07625 | bf/ft?3

Ki nematic viscosity, 1. 50E-5 nf/ sec 1. 615E-4 ft?/ sec

* Note that hum dity and even heavy rain has relatively

little effect on the engineering properties of air (personal
comuni cation with the National Wather Service, 1996)

4.3 Principal Coordinate Directions. There are three
primary axes for a ship:

X - Direction parallel with the ship’s longitudinal

axis
Y - Direction perpendicular to a vertical plane
t hrough the ship’s |ongitudinal axis
Z - Direction perpendicular to a plane fornmed by the

“X" and “Y' axes

There are six principal coordinate directions for a

shi p:
Surge - In the “X'-direction
Sway - In the “Y'-direction
Heave - In the “Z’-direction
Rol | - Angul ar about the “X’-axis
Pitch - Angular about the “Y'-axis
Yaw - Angul ar about the “Z’-axis
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O primary interest are: (1) forces in the surge and
sway directions in the “X-Y” plane, and (2) nonent in the yaw
direction about the “Z"-axis. Ship notions occur about the
center of gravity of the shinp.

4.4 Static Wnd Forces/ Monents. Static wind forces and
nonents on stationary noored vessels are conputed in this
section. Figure 26 shows the definition of sone of the terns used
in this section. Figure 27 shows the |ocal coordinate system

4.4.1 Static Transverse Wnd Force. The static transverse
wind force is defined as that conmponent of force perpendicular to
the vessel centerline. |In the |local ship coordinate system this

is the force in the “Y” or sway direction. Transverse wind force
is determned fromthe equation

EQUATI ON: F. = 05p, V,2 A, C, f,.{a} (2)
wher e

Fw = transverse wi nd force (new ons)

P, = mass density of air (from Table 20)

vV, = wi nd speed (m's)

A = | ongi tudi nal projected area of the ship (nf)
C, = transverse wind force drag coefficient
f.{0.4 = shape function for transverse force

6, = wi nd angl e (degrees)
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Definition of Terns
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The transverse wind force drag coefficient depends upon
the hull and superstructure of the vessel and is cal cul ated using
the foll owi ng equation, adapted from Naval C vil Engi neering
Laboratory (NCEL), TN 1628, Wnd-Induced Steady Loads on Ships.

EQUATION:  C,, = C*[((05(hs +h,))/ ho)?"Ag + (05*h, 1h ) A, ]/A, (3)
wher e
Cw = transverse wind force drag coefficient
C = enpirical coefficient, see Table 22

hy = 10 m = reference height (32.8 ft)
h, =A, /L, = average height of the hull, defined as

the | ongi tudinal wind hull area divided
by the ship length at the waterline (m

A, = | ongi tudi nal wind area of the hull (nf)

L, = ship length at the waterline (m

hg = hei ght of the superstructure above the
wat erline(m

Ag = [ ongi tudi nal wind area of the

superstructure (nf)

A recommended value for the enpirical coefficient is C
= 0.92 +/-0.1 based on scale nodel w nd tunnel tests (NCEL, TN
1628). Table 22 gives typical values of C for ships and Figure
28 illustrates sonme ship types.
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Table 22
Sanpl e Wnd Coefficients for Ships

SHI P C NOTES
Hul | domi nat ed 0.82 Aircraft carriers, drydocks
Tvpi cal ships with noderate
yP 0.92 superstructure
Ext ensi ve 1.02 Destroyers, cruisers
superstructure

The shape function for the transverse wind force (NCEL,
TN-1628) is given by:

EQUATI ON: fu{fu} = +(sind, - 0.05*siqf 56} )/0.95 (4)
wher e

fu{6.} = transverse wind coefficient shape function
6 = wi nd angl e (degrees)

Equation 4 is positive for wind angles 0 < w < 180

degrees and negative for wind angles 180 < w < 360 degrees.
Figure 29 shows the shape and typical values for Equation 4.

These two conponents were derived by integrating w nd
over the hull and superstructure areas to obtain effective w nd
speeds (NCEL, TN-1628). The foll ow ng exanple illustrates
cal cul ations of the transverse wind force drag coefficient.
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CVE-55 AIRCRAFT CARRIER
hull dominated

single superstructure; aft of midships

T=28 ft
2 ; . 7 ; ; T=10 ft
EC-2 CARGO SHIP
typical ship
distributed superstructure

DD-692 DESTROYER

extensive superstructure; distributed

P 7777777777777
Wi

T
$S-212 SUBMARINE

hull dominated

single superstructure; on midships

Figure 28
Sanple Ship Profiles
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Ow (deg) fwy{ew} Ow (deg) fwy{ew}
0 0.000 45 0.782
5 0.069 50 0.856
10 0.142 55 0.915
15 0.222 60 0.957
20 0.308 65 0.984
25 0.402 70 0.998
30 0.500 75 1.003
35 0.599 80 1.003
40 0.695 85 1.001
45 0.782 90 1.000
1.1
1
A ~
//
0.8
0.7 /
2 06 /
Z oo
0.4
0.3
0.2
- J/ AN
0
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40 50
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Shape Function for Transverse Wnd Force
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EXAMPLE: Find the transverse wind force drag coefficient on the
destroyer shown in Figure 30.

SOLUTI ON: For this exanple the transverse wind force drag
coefficient fromEquation 3 is:

Cp = C*[((O.5(23.9m+6.43m))/10m)2”1203m2 + (0.5* 6.43m/10m)2’71036.1m2]/2239m2
C,, = 0.940*C.

Destroyers have extensive superstructure, so a
recommended value of C = 1.02 is used to give a transverse w nd
force drag coefficient of C, = 0.940*1.02 = 0.958.

Not e that for cases where an inperneabl e structure,
such as a wharf, is imediately next to the noored ship, the
exposed | ongi tudinal wind area and resulting transverse w nd
force can be reduced. Figure 31 shows an exanple of a ship next
to a wharf. For Case (A), wind fromthe water, there is no
bl ockage in the transverse wind force and el evati ons of the hul
and superstructure are neasured fromthe water surface. For Case
(B), wind fromland, the |ongitudinal wind area of the hull can
be reduced by the bl ocked anpbunt and el evations of hull and
superstructure can be neasured fromthe wharf el evation.

Cases of multiple ships are covered in Section 4.6.
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Fi gure 30
Exanpl e
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4.4.2 Static Longitudinal Wnd Force. The static

| ongi tudinal wind force on a vessel is defined as that conponent
of wind force parallel to the centerline of the vessel. This is
the force in the “X’ or surge direction in Figure 27. Figure 26
shows the definition of w nds areas.

The longitudinal force is determned from NCEL, TN 1628
usi ng the equation:

EQUATI ON: F., = 05p V,’A, C,f.,(@,) (5)
wher e

Fw = | ongi tudi nal wi nd force (new ons)

P, = mass density of air (from Table 21)

vV, = wi nd speed (' s)

A, = transverse wind area of the ship (nf)

Cuw = | ongi tudi nal wind force drag coefficient

fw (@)= shape function for |ongitudinal force

6, = wi nd angl e (degrees)

The | ongitudinal wind force drag coefficient, C,,
depends on specific characteristics of the vessel. Additionally,
the wind force drag coefficient varies depending on bow (C, ) or
stern (C,) wWind |oading. Types of vessels are given in three
cl asses: hull dom nated, normal, and excessive superstructure.
Reconmmended val ues of |ongitudinal wind force drag coefficients
are given in Table 23.
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Table 23
Reconmended Ship Longitudinal Wnd Force Drag Coefficients

VESSEL TYPE Cos Cous
Hul | Dom nated (aircraft
carriers, submarines, 0. 40 0. 40
passenger |iners)

Nor mal * 0.70 0. 60
Center-1Island Tankers* 0. 80 0. 60

Si gni fi cant Superstructure
(destroyers, cruisers) 0.70 0.80

*An adjustnent of up to +0.10 to C,; and C,, shoul d
be made to account for significant cargo or cluttered
decks.

The | ongi tudi nal shape function also varies over the
bow and stern wind |loading regions. As the wind direction varies
fromheadwind to tailwind, there is an angle at which the force
changes sign. This is defined as 6 and is dependent on the
| ocation of the superstructure relative to mdships. Recomrended
values of this angle are given in Table 24.

Tabl e 24
Recommended Val ues of 6,
LOCATI ON OF SUPERSTRUCTURE 6, (deg)
Just forward of m dships 100
On m dshi ps 90
Aft of mdships (tankers) 80
War shi ps 70
Hul I dom nat ed 60

Shape functions are given for general vessel categories
bel ow:

CASE | SINGLE DI STI NCT SUPERSTRUCTURE

The shape function for longitudinal wind | oad for ships with
MIL-HDBK-1026/4 MOORING DESIGN 2-62



single, distinct superstructures and hull-dom nated ships is
gi ven bel ow (exanples include aircraft carriers, EC-2, and cargo
vessel s):

EQUATI ON: fo (6, )= cos () (6)
[080°0
wher e O—m, for 0w <6« 6a
9=ty H (6a)
%—gQL—ge 6 +90° for Ow-6 (6b)
% ~Hiso-g v
6 = incident wind angle that produces no net

X

| ongi tudi nal force (Table 24)

BW = wind angl e
Val ues of f,, (6,) are symetrical about the |ongitudinal axis of

the vessel. So when 6, > 180°, use 360°-6,as 6,in
determ ning the shape function.

CASE Il DI STRI BUTED SUPERSTRUCTURE
0. sm(5y)D
in(y)- .
EQUATION: f,, (6, )= (7)
0.9
wher e y = @%%{B .90 for 6, <0, (7a)
oo 09006, LU
Y, D].80° ﬁ@,\, Eﬂ.80> Ellm% for 6, >0, (7b)

Val ues of f,, (6,) are symetrical about the |ongitudinal axis of
the vessel. So when 6, > 180°, use 360°-6,as 6,in

determ ning the shape function. Note that the nmaxi num
| ongi tudinal wind force for these vessels occurs for w nd
directions slightly off the ship’ s |ongitudinal axis.

EXAMPLE: Find the longitudinal wind drag coefficient for a w nd
angl e of 40 degrees for the destroyer shown in Figure 30.
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SOLUTI ON: For this destroyer, the foll ow ng val ues are sel ected:

6 = 70° from Tabl e 24

X

C 0.70 from Tabl e 23

XwB

C 0.80 from Tabl e 23

XWS

This ship has a distributed superstructure and the wind angle is
| ess than the crossing value, so Equation 7a is used to determ ne
t he shape function:

y_ =(90°/(70°))40° . 90° = 1414°

0. sin(5*1414°) 0
[kin(1414°)- 0

[ ( ) 10 [
fo. (B,)= 59 =0.72

At the wind angle of 40 degrees, the wind has a | ongitudinal
conponent on the stern. Therefore, the wind | ongitudi nal drag
coefficient for this exanple is:

C,, f.(8,) = 08* 072 = 057
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4.4.3 Static Wnd Yaw Monent. The static wi nd yaw nonent is
defined as the product of the associated transverse wi nd force
and its distance fromthe vessel’s center of gravity. 1In the

| ocal ship coordinate system this is the nonment about the “Z”
axis. Wnd yaw nonment is determ ned fromthe equation:

EQUATI ON: M, = 05p, V,2 A, LC,. {6} (8)

w

wher e

M, = wi nd yaw nonent (newton*m

P, = mass density of air (from Table 21)

V, = w nd speed (nis)

A, = | ongi tudi nal projected area of the ship (nf)
L = l ength of ship (m

CWW{Q& = nornmalized yaw nonent coefficient

= nmonment arm di vi ded by ship | ength
6, = wi nd angl e (degrees)

The normalized yaw nonent coefficient depends upon the
vessel type. Equation 9 gives equations for computing the val ue
of the yaw nonent coefficient and Table 25 gives enpirical
paranmeter values for selected vessel types. The nornalized yaw
nonent variables is found from

6, * 180
)

z

EQUATI ON: Cowibi}

-al* sin( ) 0<w<: (9)

Colb,} = a2*sinf(8, -8)* M)] . <180 deg (9a)

and symetrical about the |ongitudinal axis of the vessel,
wher e

Cowl{6,} = normalized wi nd yaw nonent coefficient

al= negati ve peak value (from Tabl e 25)

a2 = positive peak value (from Table 25)

6, = wi nd angl e (degrees)

6, = zero nonent angle (degrees) (from Table 25)

_ 180*deg
" |(180* deg- 6

(di nensi onl ess) (9b)
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Tabl e 25

Nor mal i zed W nd Yaw Monment Vari abl es

SH P TYPE Zero Negative | Positive NOTES
Monment Peak Peak
Angle ( ,) (al) (a2)
Li ner 80 0. 075 0.14
Carrier 90 0. 068 0.072
Center island w
Tanker 95 0.077 0. 07 cluttered deck
Tanker 100 0. 085 0.04 | Center island w
tri mdeck
Crui ser 90 0. 064 0. 05
Destroyer 68 0.02 0.12
G her's: 130 0.13 0.025 stern
superstructure
102 0. 096 0. 029 aft midships
superstructure
90 0.1 0.1 m dshi ps
superstructure
75 0. 03 0.05 forward m dshi ps
superstructure
105 0.18 0.12 bow
superstructure

A plot of the yaw nornalized nonent coefficient for the
exanpl e shown in Figure 30 is given as Figure 32.
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Fi gure 32
Sanmpl e Yaw Normal i zed Monment Coeffici ent
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4.5 Static Current Forces/Monents. Methods to determ ne
static current forces and nonents on stationary noored vessels in
the surge and sway directions and yaw nonent are presented in
this section. These planar directions are of primary inportance
i n many nooring designs.

4.5.1 Static Transverse Current Force. The transverse
current force is defined as that conponent of force perpendicul ar
to the vessel centerline. |If a ship has a | arge underkeel

cl earance, then water can freely flow under the keel, as shown in
Figure 33(a). |If the underkeel clearance is small, as shown in

Figure 33(b), then the ship nore effectively blocks current flow,
and the transverse current force on the ship increases. These
effects are considered and the transverse current force is
determ ned fromthe equation

EQUATI ON: F. = 05p, V. L, TC,sinb, (10)
wher e

transverse current force (newtons)

= mass density of water (from Table 20)

= current velocity (nis)

= vessel waterline length (m

= average vessel draft (m

transverse current force drag coefficient

current angl e (degrees)

o
I

r <o

wL

O -
I

yc

D
I

The transverse current force drag coefficient as
formul ated in Broadside Current Forces on Mbored Ships, Seelig et
al. (1992) is shown in Figure 34. This drag coefficient can be
determ ned from

MIL-HDBK-1026/4 MOORING DESIGN 2-68



Figure 33
Exanpl es of Ratios of Ship Draft (T) to Water Depth (d)
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Br oadsi de Current Drag Coefficient
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EQUATI ON:

wher e

EQUATI ON:

wher e

EQUATI ON:

wher e

m dshi ps,

EQUATI ON:

Cyc = Co +(C1 - Co)*(T/d)K (11)

Co = deepwater current force drag coefficient

for T/d 0.0; this deepwater drag
coefficient is estimated from

C, =022* .[x (12)
is a dinensionless ship paraneter cal cul ated as:
X =L * A, 1(B*V) (13)

L. is the vessel length at waterline(m
A, is the i mersed cross-sectional

area of the ship at mdsection (nf)
B is the beam (maxi mum ship w dth at
the waterline) (m, and
V is the subnerged volunme of the ship
(which can be found by taking the
di spl acenent of the vessel divided
by the unit weight of water, given
in Table 20 (n?)).
C, = shallowwater current force drag coefficient
where T/d = 1.0; for currents of 1.5 m's
(3 knots or 5 ft/sec) or |less
average vessel draft (m
wat er depth (m
= di nensi onl ess exponent; |aboratory data from
shi p nodel s shows:

K=2 W de range of ship and barge
tests; nost all of the physica
nodel data available can be fit
with this coefficient

K=3 Froma small nunber of tests on
a fixed cargo ship and for a
smal | nunber of tests on an old
aircraft carrier, CVE-55

K=5 Froma snmall nunber of tests on
an ol d submarine hull, SS-212

T
d
K

The i mmersed cross-sectional area of the ship at
A,, can be determ ned from

A, =C.*B*T (14)
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Val ues of the mdship coefficient, C, are provided in
t he NAVFAC Shi p’ s Database for DOD shi ps.

The above nethods for determ ning the transverse
current force are recommended for normal design conditions with
noderate current speeds of 1.5 nis (3 knots or 5 ft/sec) or |ess
and in relatively wide channels and harbors (see Seelig et al.,
1992).

If the vessel is npbored broadside in currents greater
than 1.5 m's (3 knots or 5 ft/sec), then scal e nodel |aboratory
data show that there can be significant vessel heel/roll, which
effectively increases the drag force on the vessel. In sone
nodel tests in shallow water and at high current speeds this
effect was so pronounced that the nodel ship capsized. Moring a
vessel broadside in a high current should be avoided, if
possi bl e.

Scal e physical nodel tests show that a vessel nvored
broadside in a restricted channel has increased current forces.
This is because the vessel decreases the effective flow area of a
restricted channel, which causes the current speed and current
force to increase.

For specialized cases where:

(1) vessels are noored in current of 1.5 m's
(3 knots or 5 ft/sec) or nore, and/or

(2) for vessels noored in restricted channel s

t hen the designer should contact the Morings Center of
Experti se, NFESC ECDET, Washi ngton Navy Yard Bl dg. 218, 901 M St.
SE, Washi ngton DC 20374-5063.

EXAMPLE: Find the current force on an FFG 7 vessel produced by a

current of =90 degrees to the ship centerline with a speed of
1.5 ms (2.9 knots or 4.9 ft/sec) in salt water for a given ship
draft. At the nmooring |ocation, the harbor has a cross-sectional
area nmuch | arger than the subnerged ship | ongitudinal area,

L *T.

SOLUTION:  Dinmensions and characteristics of this vessel are
summari zed in the lower right portion of Figure 35. Transverse
current drag coefficients predicted using Equation 11 are shown
on this figure as a solid bold line. Physical scale nodel data
(U. S. Naval Acadeny (USNA), EW9-90, Evaluation of Viscous
Danpi ng Models for Single Point Moring Sinulation) are shown as
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synbol s in the draw ng,

reasonabl e estimate of drag coefficients.
forces for this exanple are given in Table 26.

Tabl e 26

Predi cted Transverse Current Forces on FFG 7
for a Current Speed of 1.5 m's (2.9 knots)

show ng that Equation 11 provides a
Predi cted current

d D Fyc Fyc

T/d (m (ft) (M) * (kips)**
0. 096 45. 7 150 0.55 123
0. 288 15.2 50 0. 66 148
0. 576 7.62 25 1.03 231
0.72 6. 096 20 1.30 293
0. 96 4.572 15 1.90 427

* MN = one mllion newtons
**Kip = one thousand pounds force

Thi s exanpl e shows t hat
force can be three tines or larger than in deep water for an

FFG 7.
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3.20 [ [ [ [ [
3.00 Data taken from tests conducted at the US
) Naval Academy at scales 1/24.75 and 1/80. /
2.80 Some data taken at 5 and 6 knots is not
' included. (Kreibel, 1992) /’
2.60 /
2.40 /!
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Figure 35

Exanpl e of Transverse Current Drag Coefficients
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4.5.2 Static Longitudinal Current Force. The |ongitudinal
current force is defined as that conponent of force parallel to
the centerline of the vessel. This force is determined fromthe
foll ow ng equation (Naval G vil Engineering Laboratory (NCEL),
TN- 1634, STATMOOR — A Singl e-Point Moring Static Anal ysis
Progranj :

EQJATI O\I: I:xc = FXFORM + l:xFRICTION + I:xPROP (15)
wher e
F. = total |ongitudinal current |oad (newons)
Ferorm = | ongi tudi nal current |oad due to
formdrag (newtons)
Fercrown = longi tudinal current |oad due to skin

friction (newons)
= | ongi tudinal current |oad due to propeller

drag (newt ons)

FXPROP

The three el enents of the general |ongitudinal current |oad
equation, Feopru, Fercnon: and Foeop are described bel ow

Feorw = longitudinal current |oad due to formdrag
1 2
EQUATI ON: Feoru = 5P VBT Cp cod6,) (16)
wher e
P, = mass density of water, from Table 20
V., = current speed (nis)
B = maxi num vessel wdth at the waterline(m
T = average vessel draft (m
C. = lOngi tudi nal current formdrag
coefficient = 0.1
6. - current angle (degrees)

Fercnoy =1 0ngi tudinal current [oad due to skin friction

1 2
EQUATI ON: Fericrion = Epw Ve SCha COS(QC) (17)

wher e
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Feror = | ONgi t udi nal

EQUATI ON:

wher e

MIL-HDBK-1026/4

p, =mass density of water, from Table 20

V. =current speed (n's)
S =wetted surface area (nf); estimated using

O O
m] m|

_ D
S=17TL, +%&==-1F 18
wL éf’rywé ( )
T = average vessel draft (m
L, = waterline length of vessel (m
D = shi p di spl acenent (newt ons)
Yw = wei ght density of water, from Table 21
C,.= longitudinal skin friction
coefficient, estimted using:
Cyea = 0.075: 0 R.22 (19)
xca — glo NE" H

Ry =Reynol ds Number

V.L,, cos(6.)

; (20)

Ry =

v = kinematic viscosity of water, from Tabl e
21

6.= current angle (degrees)

C

current |load due to fixed propeller drag
1 2
Feerop = Epw Ve Ap Cerop COS(QC) (21)

mass density of water, from Table 21

o -
VVCV: current speed (ms)

A, = propeller expanded bl ade area (nf)
C._. - propeller drag coefficient = 1.0
6. - current angle (degrees)
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A — ATPP — ATPP (22)
P T 1.067 - 0229(p/d) 0838

A, = total projected propeller area (nf)

for an assuned propeller pitch
ratio of p/d =1.0

Tpp

(23)

A; is a dinensionless area ratio for propellers. Typical values
of this paraneter for mmjor vessel groups are given in Table 27.
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Tabl e 27
Ar for Major Vessel G oups

SHI P AREA RATIO A,
Destroyer 100
Cr ui ser 160
Carrier 125
Car go 240
Tanker 270
Submari ne 125

Note that in these and all other engineering
cal cul ati ons discussed in this handbook, the user nust be careful
to keep units consistent.

EXAMPLE: Find the longitudinal current force with a bow on

current of =180 degrees with a current speed of 1.544 nmisec (3
knots) on a destroyer in salt water with the characteristics
shown in Table 28.

SOLUTI ON:  Tabl e 29 shows the predicted current forces. Note
that these forces are negative, since the bowon current is in a
negative “X’ direction. For this destroyer, the force on the
propeller is approxinmately two-thirds of the total | ongitudinal
current force. For commercial ships, with relatively smaller
propellers, formand friction drag produce a | arger percentage of
the current force.
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Tabl e 28
Exanpl e Destroyer

PARAMETER SI SYSTEM ENGLI SH OR
| NCH- POUND SYSTEM
Lo 161.2 m 529 ft
T 6.4 m 21 ft
B 16.76 m 55 ft
D, ship displ acenent 7.93E6 kg 7810 | ong tons
Cy estimated 0. 83 0. 83
S; est. fromEq 18 2963 nt 31897 ft?
Ag; from Tabl e 27 100 100
Ry, from Eqgq 20 2. 09E8 2. 09E8
Cica; €st. fromEq 19 0. 00188 0. 00188
Ap; est. fromEq 22 32.256 nt 347.2 ft?
Tabl e 29
Exanpl e Longi tudi nal Current Forces on a Destroyer
FORCE S| SYSTEM N PN T o
SYSTEM
Fxrorvi EQ 15 -13. 1 kN -2.95 ki p** 22%
Fxrriciov, EQ 16 -6.8 kN -1.53 kip 12%
Fxprop; EQ 17 -39.4 kN -8.87 kip 66%
Total Fy = -59.4 kN -13.4 kip 100%

* kN = one thousand newt ons

**Kkip
4.5.3

one thousand pounds force
Static Current Yaw Monent.

The current yaw nonent

is

defined as that conponent of noment acting about the vessel’s
is determned fromthe equation:

vertical “Z"-axis.

MIL-HDBK-1026/4

Thi s noment

MOORING DESIGN

2-79




eC

L

EQUATI ON: Mye = Fro() L (24)

wher e

= current yaw nonent (newt on*m

F. = transverse current force (newton)

e . .. .

g; = ratio of eccentricity to vessel waterline length
e = eccentricity of F, (m

L, = vessel waterline length (m

eC

The di nensi onl ess nonent arm is cal culated by choosing the

L
sl ope and y-intercept variables from Table 30 which are a
function of the vessel hull. The dinmensionless nonent armis
dependent upon the current angle to the vessel, as shown in
Equat i on 25:

e
EQUATI ON: —=a+b*g =0 to 180 (25)
L
e
I;—:-—a—(b*(BGOdeg—Q)) =180 to 360 (25a)
L
wher e
e
l; = ratio of eccentricity to vessel waterline length
L
a = y-intercept (refer to Table 30) (dinensionless)
b = sl ope per degree (refer to Table 29)
6, = current angle (degrees)

The above nethods for determ ning the eccentricity
rati o are recomended for normal design conditions wth noderate
current speeds of less than 1.5 nmls (3 knots or 5 ft/sec).

Val ues provided in Table 30 are based upon | east squares fit of
scal e nodel data taken for the case of ships with |evel keels.

Data are not adequately avail able for evaluating the effect of

trimon the current nonent.
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Tabl e 30
Current Monment Eccentricity Ratio Variabl es

a b
SHI P Y- 1 NTERCEPT | SLOPE PER NOTES
DEGREE
Full hull form
SERI ES 60 -0.291 0. 00353 typical of cargo
shi ps
“Rounded” hul
FFG -0.201 0. 00221 typical of surface
war shi ps
CVE- 55 -0.168 0. 00189 A d attack
aircraft carrier
SS-212 -0. 244 0. 00255 A d subnmarine
4.6 Wnd and Current Forces and Monents on Multiple Ships.

If ships are noored in close proximty to one another then the
near by shi p(s) can influence the forces/nmonents on a given ship.
The best information available on the effects of nearby ships are
results from physical nodel tests, because the physical processes
i nvol ved are highly conpl ex. Appendix C provides scal e nodel

test results of wnd and current forces and nonents for multiple
identical ships. Fromtwo to six identical ships were tested and
the test results were conpared with test results froma single
ship. Data are provided for aircraft carriers, destroyers, cargo
shi ps, and submari nes.
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